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SEMICONDUCTOR DEVICE 

INCORPORATION BY REFERENCE 
The disclosures of Japanese Patent Application Nos. HEI 10-319481 filed on 
November 10, 1998, 1 1-6395 filed on January 13, 1999 and 1 1-46607 filed on February 
5 24, 1999 including their specifications, drawings, claims and abstracts are incorporated 
herein by reference in their entireties. 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

The present invention relates generally to a semiconductor device and more 
10 particularly to a semiconductor device having low ON resistance, 

2. Description of Related Art 

Semiconductor devices having low ON resistance are used as power switching 
elements. For example, Japanese Patent Apphcation No. HEI 8-213613 discloses a 
semiconductor device provided with n"^-type drain region, n drift region, n"^-type source 

1 5 region, and source electrode in that sequence on a drain electrode. The device is further 
provided with a trench gate region covered with insulating film so as to surround the n 
drift region fi-om both sides. 

In such construction, when negative bias voltage is applied to a gate electrode, 
the entire n drift region interposed between the trench gate region becomes depleted, 

20 and a potential barrier against electrons is formed on the entire n"^-type source region 
resulting in current cutoff. On the other hand, when the negative potential of the gate 
electrode is decreased and potential voltage is applied, the potential barrier becomes 
small. As a result, electrons move from the n'^-type source region to the n^-type drain 
region, and thus current flows. In such semiconductor devices, the channel in the 

25 ON-state is formed at the entire portion sandwiched between the trench gate rather than 
as an inversion layer of the gate oxide film interface, so that the mobility of the carrier is 
increased. 

It is possible to increase the mobility of the carrier by forming the entire current 
path with n-type, without containing pn jimction in the current path. However, in such 
30 case, the semiconductor is of unipolar type wherein only the electrons fimction as 

carriers. Therefore, the carrier density is insufficient and it is difficult to fiirther reduce 
the ON resistance. 



Schottky type diodes are known as devices having low ON voltage (ON 
resistance). However, Schottky type diodes are not used for various devices since the 
voltage resistance of the diode is not enough. 

SUMMARY OF THE INVENTION 

The present invention has been made in the light of the drawbacks of the 
above-mentioned related technology, and it is an object of the present invention to 
provide a useful semiconductor device capable of reducing the ON resistance. 

To achieve the above and/or other objects, in accordance with one aspect of the 
present invention, there is provided a bipolar semiconductor device provided with a 
drain electrode, a drain region having a first conductive type and disposed on the drain 
electrode, a drift region havmg a second conductive type and disposed on the drain 
region, a chaimel region having the second conductive type and disposed on the drift 
region, a gate region provided so as to surround at least a portion of the channel region 
via an insulating film, a source region having the second conductive type and disposed 
on the channel region, and a source electrode connected to the source region. 

The mobility of the carrier is increased by making the conductive types of the 
drift region, channel region, and the soxxrce region the same, thus reducing the ON 
resistance. Further, by providing the drain region having a different type of 
conductivity, the electrons and the holes both function as carriers, increasing the carrier 
density, and leading to fiuther reduction of ON resistance. 

Accordmg to another aspect of the present invention, there is provided a useful 
device using a shottky type diode with low ON voltage (ON resistance) . Since an 
impurity concentration in a channel region is not greater than that in a cathode region, 
the voltage resistance is increased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described in conjunction with the following drawings in 
which line reference numerals designate like elements. 

Fig. 1 A is a plan view of a semiconductor device according to an embodiment 
of the present invention. 

Fig. IB is a sectional view of the semiconductor device according to the 
embodiment of the present invention taken along line IB-IB in Fig. 1 A. 

Fig. IC is a sectional view of the semiconductor device according to the 
embodiment of the present invention taken along line IC-IC in Fig. lA. 
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Fig. 2 is a graph indicating characteristics of the semiconductor device of the 
embodiment when it is of a normally ON type. 

Fig. 3 is a graph indicating characteristics of the semiconductor device of the 
embodiment when it is of a normally OFF type. 
5 Fig. 4 is an explanatory drawing indicating a manufacturing method of an 

embodiment of the present invention. 

Fig. 5 is a plan view of a semiconductor device according to an embodiment of 
the present invention. 

Fig. 6 is a sectional view of a semiconductor device according to an 
1 0 embodiment of the present invention. 

Fig. 7A is a plan view of a semiconductor device according to an embodiment 
of the present invention. 

Fig. 7B is a sectional view of the semiconductor device according to the 
embodiment of the present invention taken along line 7B-7B in Fig. 7A. 
15 Fig. 7C is a sectional view of a semiconductor device according to an 

embodiment of the present invention taken along line 7C-7C in Fig. 7A. 

Fig. 8 is a plan view of a semiconductor device according to an embodiment of 
the present invention. 

Fig. 9 A is a plan view of a semiconductor device according to an embodiment 
20 of the present invention. 

Fig. 9B is a sectional view of the semiconductor device according to the 
embodiment of the present invention taken along line 9B-9B in Fig. 9A. 

Fig. 1 OA is a plan view of a semiconductor device according to an embodiment 
of the present invention. 
25 Fig. 1 OB is a sectional view of the semiconductor device according to the 

embodiment of the present invention taken along line lOB-lOB in Fig. lOA. 

Fig. 1 1 A is a plan view of a semiconductor device according to an embodiment 
of the present invention. 

Fig. 1 IB is a sectional view of the semiconductor device according to the 
30 embodiment of the present invention taken along line 1 lB-1 IB in Fig. 1 lA. 

Fig. 12 is an explanatory drawing indicating a manufacturing method of an 
embodiment of the present invention. 

Fig. 1 3 is a plan view of a semiconductor device according to an embodiment of 
the present invention. 
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Fig. 14A is a plan view of a semiconductor device according to an embodiment 
of the present invention. 

Fig. 14B is a sectional view of the semiconductor device according to the 
embodiment of the present invention taken along line 14B-14B in Fig. 14 A. 
5 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Embodiments of the present invention will be described with reference to the 
attached drawings. 

Construction of a semiconductor according to a first embodiment is shown in 
Figs. 1 A through IC. Fig. 1 A is a plan view. Fig. IB is a sectional view taken along 

1 0 line IB-IB in Fig. lA, and Fig. IC is a cross-sectional view taken along line IC-IC in 
Fig. lA. In Fig. 1 A, a source electrode is omitted for convenience. 

As shown in the figures, a drain electrode 10 and an n drift region 14 are 
provided below and above a p"^-type substrate 12, respectively, in the semiconductor 
device of the present embodiment. Further, a trench gate region 18 (an n-type, for 

1 5 example) is disposed such that it surrounds a portion of the n drift region 14 (which 
fimctions as an n channel region 14a). The trench gate region 18 is covered by an 
insulating film 16. An n"^-type source region 20 is disposed on the n channel region 14a, 
and a source electrode 22 having a T-shaped cross-section contacts the n"^-type source 
region 20. Further, as understood from Figs. 1 A and IC, a p'^-type source region 21 

20 adjacent to the n^-type source region 20 is coimected to the n drift region 14 (more 

specifically, the n channel region 14a), and the p^-type source region 21 is connected to 
the source electrode 22. The p^-type source region 21 is for easily drawing holes, which 
are minority carriers, to the source electrode side. A p'^-type region 24 in Fig. IC is 
formed deeper than the trench gate region 18 to prevent leakage current from trench 

25 gate end. Also, an insulating film 19 is disposed on the p^-type region 24. 

With such construction, when voltage is applied between the drain electrode 10 
and the source electrode 22 and negative bias voltage is applied to a gate electrode 
connected to the trench gate region 18, the entire n channel region 14a sandwiched 
between the trench gate region becomes depleted, and current is cut off In the present 

30 embodiment, the p"^-type source region 21 is connected to the n channel region 14a and 
the source electrode 22 is connected to the p^-type source region 21. Therefore, it is 
possible to quickly draw holes, which are minority carriers, from the n-type channel 
region 14a via the p'*'-type source region 21 , thereby realizing a high-speed switching. 



Further, when vohage is applied between the drain electrode 10 and the soiarce 
electrode 22 and positive voltage is applied to the gate electrode, the depletion layer of 
the n-type channel region 14a disappears and the electrons are injected from the n^-type 
source region 20 to the n drift region 14. Accordingly, holes which are minority carriers 
are injected from the p^-type substrate 12 to the n drift region 14. Therefore, the 
semiconductor device of the present embodiment acts as a bipolar transistor wherein the 
electron, which is a majority carrier, and the hole, which is a minority carrier, both 
fianction as carriers. As a result, the carrier density is increased and the ON resistance is 
reduced. 

The characteristics described above are illustrated in Fig. 2. Li the figure, the 
axis of abscissas indicates a gate voltage and the axis of ordinates indicates a drain 
current. This is what is called a normally ON type, wherein the drain current flows even 
when bias is not applied to the gate electrode. The drain current increases when positive 
bias voltage is applied to the gate electrode, and the drain current is cut off when a 
predetermined negative bias is applied. 

Further, in the construction of the present embodiment, the trench gate 
region 18 may be made of p-type instead of n-type, and a distance between adjacent 
trench gate regions 1 8, that is, a width of the n-type channel region 14a may be made 
sufficiently small so as to construct a normally OFF type transistor, wherein current is 
cut off in a zero bias state where bias is not applied to the gate electrode (the state where 
ground potential is applied). When the trench gate region 18 is p-type, the electrons in 
the n-type channel region 14a sandwiched between the trench gate region 18 via the 
insulating fihn 16 are eliminated from the boundary between the trench gate region due 
to the difference between work fimctions of p-type and n-type. As a result, a depletion 
layer is formed in the n channel region 14a, If the distance between the trench gate 
regions 18 is sufficiently small, the depletion layers generated at respective borders 
with the trench gate region 18 become connected in the n channel region 14a. 
Accordingly, the depletion layer is formed over the entire n channel region 14a and the 
current is cut off. 

Fig. 3 illustrates the characteristic when the trench gate region 18 is made of 
p-type and the distance between adjacent trench gate regions 18 is made sufficiently 
small. Drain current does not flow because the depletion layer is formed over the entire 
n channel region 14a, as already mentioned, even in a state where bias is not applied to 
the gate electrode. When positive bias is applied to the gate electrode, the depletion 



6 

layer of the n channel region 14 disappears. Accordingly, electrons and holes conduct, 
and current flows. 

Fig. 4 illustrates a manufacturing method of the semiconductor device of the 
present embodiment. First, the n drift region 14 is epitaxially grown on the p'^-type 
5 silicon substrate 12, and the n'^-type source region 20, the p^-type source region 21, and 
the p^-type region 24 (not shown, see Fig. IC) are sequentially formed by ion 
implantation and diffusion (a). The n"^-type source region 20 and the p^-type source 
region 2 1 may be formed at a thickness of approximately 1 ^im and the p^-type region 24 
may be formed at a thickness of approximately 7 jam. Also, the n^-type source region 20 
10 and the p^-type source region 21 are formed alternately (forming stripes as shown in 

Fig. IC). Then, the surface is thermally oxidized to form an oxide film 50 (50nun), and 
a nitride film 52 (200nm) and an oxide film 54 (200nm) are formed sequentially by a 
CVD method (b). 

Then, a resist mask is formed by a photolithography process, and the mask thus 

15 formed is used to sequentially dry etch the oxide film 50, the nitride film 52, and the 
oxide film 54. Further, the oxide film 54 is used as a mask to etch the n-type drift 
region 14, and a trench structure is formed (c). 

Then, a side wall of the trench is temporarily oxidized by thermal oxidation to 
form an oxide film (50nm). The oxide film is then removed, e.g., by hydrofluoric acid. 

20 Further, the side wall of the trench is chemically dry etched (50nm) and then a gate 

oxide film (insulating film) 16 is formed by thermal oxidation. After forming the gate 
oxide film 16, the trench gate region 18 is formed by a CVD method using, e.g., 
polycrystalline silicon. Then, the entire surface is etched back to the oxide film 52 to 
form the gate electrode (d). Further, to make the silicon device a normally OFF type, 

25 boron is diffused in the trench gate to make it p^-type. 

Next, the oxide surface 54 on the surface is removed by dry etching. At this 
time, an upper face and wall surface of the gate oxide film 16 are not etched because 
they are covered by the oxide film 52 and the trench gate region 18. Then, the sxuface of 
the trench gate region is oxidized (400nm) by thermal oxidation (e). 

30 Further, the oxide film 52 and the oxide film 50 are removed by dry etching (f). 

Then, a sputtering method is used to form the source electrode 22 on the n'^-type source 
region 20 and the p^-type source region 21 . The source electrode 22 is processed into a 
desired shape by photolithography and etching (g). Finally, the drain electrode 10 



(Ti/Ni/Au) is formed on the opposite side of the p^-type substrate by a sputtering 
method (h). 

An embodiment of the present invention has been described above. However, 
an arrangement of the n^-type source region 20 and the p^-type source region 21 is not 
limited to the one shown in Fig. 1 A, and other arrangements are possible. For example, 
as shown by the plan view in Fig. 5 (the source electrode is omitted for the convenience 
of explanation), the p^-type source region 21 may be arranged so as to surround the 
n"^-type source region 20. 

Further, as shown in Fig. 6, an n^-type buffer layer 26 may be provided between 
the p^-type substrate 12 and the n drift region 14. This allows the n-type drift region 14 
to be thinly formed. 

It is also favorable to form a Schottky jimction between the source electrode 22 
and the n-type channel region 14a instead of the p^-type source region 21 for drawing 
the holes to the source electrode. Fig, 7A illustrates a plan view of such a construction 
(the source electrode is omitted). Fig. 7B is a cross-section taken along line 7B-7B in 
Fig. 7A, and Fig. 7C is a cross-section taken along line 7C-7C in Fig. 7A. As seen fi'om 
the comparison between Fig. IC and Fig. 7C, the p^-type source region 2 1 is not present 
in Fig. 7C, and the source electrode 22 (aluminum or the like) and the n-type channel 
region 14a are joined at a jimction 30 by a Schottky jimction. This makes it possible to 
omit a forming process of the p^-type source region 21. 

Also, as shown in Fig. 8, an n"^-type extension region 100 and an insulating layer 
24 may be provided on the n'^-type region 20 for contact with the source electrode 22. 
In this case, a contact opening width cl of the source electrode 22 may be made greater 
than a gate distance c2. As a result, it is possible to reduce a cell width c3 of a transistor 
in the present embodiment, and therefore it is possible to reduce the ON resistance by 
increasing the transistor density. Further, it is also possible to reduce the contact 
resistance by increasing a contact area, because a contact (source contact) opening is 
formed on the n^-type extension region 100. 

It is also possible to change the resistance of the n"^-type extension region 100 by 
adjusting the n^-type extension region 100 material or an impurity concentration 
therein. Accordingly, an appropriate source resistance is formed which allows 
automatic adjusting of a current balance between the transistors. That is, when the 
source current of a transistor increases, the source voltage increases accordingly by the 
properly adjusted source resistance. This results in decreased voltage between the gate 
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and the source, and a negative feedback occurs where the source current decreases. As 
a result, the current value of that transistor can be automatically adjusted. 

Also, in the above-described embodiment, the thickness of the gate insulating 
film formed at an upper portion of the trench gate may be greater than the thickness of 
the gate insulating film formed on a side portion thereof Insulation of the gate 
electrode is maintained even when the source voltage is applied via a region extended 
from the source region by thickening an upper portion of the gate insulating film. This 
ensures activation of the semiconductor. 

Fig. 9A shows a plan view of a semiconductor device according to a second 
embodiment of the present invention. Fig. 9B is a sectional view taken along line 
9B-9B in Fig. 9A. An n-type drifl: region 1 14 is provided on an n^-type substrate 112, 
which is provided on a drain electrode 1 10. A p"-type channel region 1 1 5 is provided on 
the n drift region 1 14 and is sandwiched between trench gates 118 from both sides via 
insulation films 1 16. An n'^-type source region 120 is formed on the p"-type channel 
region 115 and is in contact with a source electrode 122. The present embodiment 
differs from the above-mentioned first embodiment in substrate and conductive type. 

Here, the p"-type channel region 1 15 is formed by epitaxial growth, for example, 
instead of ion implantation. Further, an impurity concentration contained in the channel 
is set equal to or less than the impurity concentration in the n drift region 114. This 
enables depletion of the entire channel even when a space between trench gates 1 18 is 
large. 

When a positive bias voltage is applied to the trench gate 118, the channel is 
formed not only at the interface on trench gate side, but it is formed over the entire 
p"-type channel region 115. Therefore, the effect of interface state is small, and a 
resistance of the channel can be restricted at a low level. 

Further, in the present embodiment, a p"^-type region 1 19 is formed for drawing 
holes from the p'-type channel region 1 15 to the source electrode 122. The p'^-type 
region 1 19 is formed altemately with the n'*"-type source region 120, as shown in 
Fig. 9A. 

Fig. lOA and Fig. lOB are plan views of a semiconductor device according to a 
third embodiment of the present invention (source electrode is omitted). Fig. 1 OB is a 
sectional view taken along line lOB-lOB in Fig. lOA. Elements 210, 212, 214, 216 and 
220 are similar to elements 110, 1 12, 1 14, 1 16 and 120, respectively, previously 
described 
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Construction of the present embodiment differs from that of the above- 
mentioned embodiment in that a source region 220 is formed at almost a center of a 
p'-type channel region 215. Due to the fact that a channel in the semiconductor device 
of the present invention is formed over an entire channel region, it is not necessary to 
5 dispose a source region for supplying electrons from a source electrode adjacent to a 

trench gate. As a result, as shown in Fig. lOB, it is possible to dispose the source region 
at a center of the channel region. 

Disposing the source region at the center of the channel region as described 
above enables disposing of a p^-type source region 2 1 9 at a position adjacent to a trench 

10 gate 218. As a result, a high speed switching from ON operation to OFF operation by 
quickly drawing holes is made possible. Also, it is easy to make an area of the p^-type 
source region 219 larger than an area of the n"^-type source region 220. 

In Fig. lOA, shapes of the p^-type source region 219 and an n'^-type source 
region 220 may be polygonal instead of circular. 

15 Next, a semiconductor according to a fourth embodiment of the present 

invention will be shown. The present embodiment is a Schottky diode, and Fig. 11 A 
and Fig. 1 IB illustrate a plan view (anode electrode is omitted) and a sectional view, 
respectively. An n"-type cathode region 434 and an n"-type channel region 436 are 
provided sequentially on an n"^-type cathode region 432. The n"-type channel 

20 region 436 is provided between a trench structure 438 insulated by an oxide film 440. 
An anode electrode 442 is joined on the n"-type channel region 436 by a Schottky 
connection. The anode electrode 442 and the trench structure 438 are coupled by ohmic 
contact, so that their potentials are equal. Also, a cathode electrode 430 is connected on 
a surface opposite from a n"^-type cathode region 432. 

25 An impurity concentration in an n'-type channel region 436 is less than that in an 

n"-type cathode region 434. Therefore, depletion of an entire channel is made easier 
even when a space of the trench structure 438 is comparatively large. Accordingly, 
depletion of the entire n'-type channel region 436 is possible in a state where zero bias is 
applied (short-circuited) to the trench structure 438 and the anode electrode 442 by 

30 setting the gate space in accordance with the concentration of the n"-type channel region 
436. As a result, a high voltage Schottky diode can be obtained. 

It is also possible to use the p"-type channel region instead of the n"-type channel 
region 436. In such case, it is possible to set a larger space of the trench structure 438. 
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Fig. 12 illustrates a manufacturing method of the semiconductor device 
according to the present embodiment. First, the n"-type cathode region 434 and the 
n"-type channel region 436 are epitaxially grown on.the n'^-type cathode region 432 (a). 
Next, a surface is thermally oxidized to form an oxide film 440 of approximately 
500nm (b). Then, the oxide film 440 is dry etched in a photolithography process using 
mask to form a trench (c). 

Then, a side wall of the trench is thermally oxidized for approximately 50nm, 
and the oxide film is removed by hydrofluoric acid. Further, the trench side wall is 
etched by chemical dry etching for approximately 50nm, and approximately lOOnm of 
oxide film 440 is formed by thermal oxidation. Then, the trench is filled with 
polycrystalline silicon to form the trench structure 438 (d). 

Next, a surface of the oxide film 440 is removed by dry etching (e). Then, the 
anode electrode 442 (aluminum, for example) is formed using a sputtering method. The 
anode electrode 442 is processed into a desired shape by photolithography and etching. 
Then, a Schottky connection is formed between the n"-type channel 436 by heat 
treatment at 420°C for 30 minutes, while an ohmic contact is formed between the trench 
structure 438 (f). Lastly, the cathode electrode 430 (Ti, Ni, Au, for example) is formed 
by a sputtering method (g). 

Further, in the present embodiment, it is possible to form the n"-type channel (or 
the p'-type channel) region 436 so that a planar shape thereof is circular as shown in 
Fig. 13 instead of rectangular. 

Although only a Schottky diode has been explained for the present embodiment, 
the present invention is similarly applicable to jimction diodes. 

Fig. 14A and Fig. 14B are block diagrams illustrating the case when the present 
invention is applied to a junction diode. Fig. 14A is a plan view (anode electrode is 
omitted) and Fig. 14B is a sectional view taken along line 14B-14B in Fig. 14 A. On 
one surface of an n^-type cathode region 532 is formed a cathode electrode 530. On the 
other surface are formed, an n- cathode region 534, a p"-type anode region 537, and a 
p'^-type anode region 546. The p'-type anode region 537 and the p^-type anode region 
546 are formed between the trench structure 538. An anode electrode 542 is formed on 
the p"^-type anode region 546 and the trench structure 538, and is short-circuited. 
Providing a low concentration p"-type anode region 537 makes it possible to pinch off 
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the entire p"-type anode region 537 when applying reverse bias at comparatively wide 
trench structure 538 space, resulting in high voltage. 

In the present embodiment, it is also possible to provide an n"-type anode region 
having a concentration equal to or less than the n"-type cathode region 534 instead of the 
p"-type anode region 537. 

As described above, according to the present invention, a semiconductor device 
with low ON resistance or high voltage can be obtained. 

The present invention is not limited to the semiconductors in the 
aforementioned embodiments, but it is also applicable to MOSFET, thyristor, SIT, and 
the like. Also, metal electrode materials may include tungsten (W), molybdenum (Mo), 
and the like, in addition to those referred to in the embodiment. The metal material 
being single layer of multi-layer films. 

While the present invention has been described with reference to preferred 
embodiments thereof, it is to be understood that the invention is not limited to the 
disclosed embodiments or constructions. To the contrary, the invention is intended to 
cover various modifications and equivalent arrangements. In addition, while the 
various elements of the disclosed invention are shown in various combinations and 
configurations, which are exemplary, other combinations and configurations, including 
more, less or only a single element, are also within the spirit and scope of the invention. 
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WHAT IS CLAIMED IS : 

1 . A bipolar semiconductor device comprising: 
a drain electrode; 

a drain region having a first conductive type and disposed on the drain 

5 electrode; 

a drift region having a second conductive type different from the first 
conductive type and disposed on the drain region; 

a channel region having the second conductive type and disposed on the 

drift region; 

10 a gate region provided so as to surround at least a part of the channel 

region via an insulation film; 

a source region having the second conductive type provided on the 
channel region; and 

a source electrode connected to the source region. 
15 2, The semiconductor device according to claim 1 , wherein: 

the gate region has the first conductive type, 

and a depletion layer is formed over most of the entire channel region 
when a predetermined voltage is applied to the gate region. 

3. The semiconductor device according to claim 1, fiarther comprising 

20 a semiconductor region having the first conductive type provided between the channel 
region and the source electrode. 

4. The semiconductor device according to claim 2, finther comprising 

a semiconductor region having the first conductive type provided between the channel 
region and the source electrode. 
25 5. The semiconductor device according to claim 1, wherein at least a part 

of the source electrode forms a Schottky junction with the channel region. 

6. The semiconductor device according to claim 2, wherein at least a part 
of the source electrode forms a Schottky junction with the channel region 

7. The semiconductor device according to claim 1, fiirther comprising 

30 a semiconductor having the second conductive type, located between the source region 
and the source electrode, and an end face thereof is extended to a position covering at 
least a portion of the gate region. 
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8. The semiconductor device according to claim 7, wherein a thickness of 
an insulating film formed on an upper portion of the gate region is thicker than a 
thickness of an insulating film formed on a side portion of the gate region. 

9. The semiconductor device according to claim 7, further comprising an 
insulating film located between the semiconductor layer and the source electrode and 
having an opening portion for the semiconductor layer and the source electrode to 
contact, wherein a width of the opening portion is wider than a space of the gate region. 

10. The semiconductor device according to claim 8, fiirther comprising an 
insulating film located between the conductive layer and the source electrode, and 
having an opening portion for the semiconductor layer and the source electrode to 
contact, wherein a width of the opening portion is wider than the space of the gate 
region. 

1 1 . The semiconductor device according to claim 1 , wherein the source 
region is located substantially at a center of the channel region, and wherein the source 
region is isolated from the insulation film. 

12. A semiconductor device comprising: 

a substrate having a first conductive type; 

a drift region having the first conductive type and disposed on the 

substrate; 

a channel region having a second conductive type different from the first 
conductive type and provided on the drift region; 

a gate region provided so as to surround the channel region via an 
insulation film; and 

a source region having the second conductive type and provided on the 
channel region, wherein: 

an impurity concentration in the channel region is equal to or less than 
an impxarity concentration in the drift region, and a depletion layer forms over the entire 
channel region sandwiched between the gate region when a zero bias is applied to the 
gate region. 

13. The semiconductor device according to claim 12, wherein the source 
region is located substantially at a center of the channel region, and wherein the source 
region is isolated fi*om the insulation film. 

14. A semiconductor device comprising: 
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a cathode region; 

a channel region disposed on the cathode region; 

an anode region disposed on the channel region, wherein: 

an impurity concentration in the channel region is equal to or less than 

an impurity concentration in the cathode region. 

15. The semiconductor device according to claim 14, wherein the anode 

includes an anode electrode that forms a Schottky junction with the channel. 
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ABSTRACT OF THE DISCLOSURE 
A trench gate type semiconductor device has an ON resistance that has been 
reduced. The device has a drain electrode on one side of the substrate and has a drift 
region, channel region, source region, and a source electrode on the other side. The 
channel region is sandwiched between a trench gate region covered with insulating 
film. Current passes when a positive bias voltage is applied to the trench region, and 
current is cut off when a negative bias voltage is applied. 
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